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Objective: Despite widespread use of skinfolds to estimate
body fatness, few prediction models have been validated on
female athletes. Most skinfold models have been validated with
hydrodensitometry, which does not account for the variability in
bone density that may exist among female athletes. Our pur-
pose was to develop a skinfold model that predicts fat-free
mass (FFM) in female collegiate athletes.

Design and Setting: A skinfold model was developed using
dual-energy x-ray absorptiometry (DEXA) as the criterion meth-
od. Four skinfold measures (abdominal, suprailiac, thigh, tri-
ceps), height, and weight were entered into a regression model.
The best model was developed and validated by calculating the
predicted error sum of squares statistic.

Subjects: Study participants included 101 National Colle-
giate Athletic Association Division I female athletes (age 5 20.3
6 1.4 years, height 5 166.7 6 7.8 cm, mass 5 63.1 6 8.1 kg)
from several sports.

Measurements: Each participant’s FFM was measured via
DEXA. Skinfold thicknesses were measured and entered into
the regression model.

Results: The final regression model included mass and ab-
dominal and thigh skinfolds: FFM 5 8.51 1 (0.809 3 mass) 2
(0.178 3 abdominal skinfold) 2 (0.225 3 thigh skinfold). The
model showed excellent predictive ability (R 5 0.98, standard
error of the estimate 5 1.1 kg). Pairwise comparisons indicated
that prediction error showed no overprediction or underprediction
bias.

Conclusions: In female collegiate athletes, FFM can be pre-
dicted accurately from body mass and abdominal and thigh
skinfolds. This model is practical and can be used in most ath-
letic settings.
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Body composition is 1 of the 5 components of health-
related physical fitness. It is often assessed by athletic
trainers as an indication of an athlete’s fitness and

health. In sport settings, body composition is generally esti-
mated using a 2-compartment model in order to calculate fat-
free mass (FFM) and fat mass (FM), which are used to deter-
mine percentage of body fat (BF). Excess FM can have a
negative impact on athletic performance.1 Although a high ra-
tio of FFM to FM is generally desirable, BF values that are
too low can be detrimental to performance and overall
health.2–4

Body-composition assessments are also used to mark pre-
season and postseason changes that result from strength-train-
ing programs. Tracking changes in body composition can be
useful for evaluating the effectiveness of a weight-loss pro-
gram as well. Thus, it is essential to have accurate and con-
venient means of measuring body composition in athletes for
health and performance purposes. One such technique for as-
sessing body fatness that is widely used in clinical, education-
al, and research settings is the measurement of specific skin-
fold sites. Skinfold models are often constructed using 3 to 7
skinfold sites and validated with hydrodensitometry as the cri-
terion measure.5

Hydrodensitometry, or underwater weighing, uses a 2-

compartment model that divides the body into FM and FFM.
The model assumes a constant density of FFM among sub-
jects. In contrast, dual-energy x-ray absorptiometry
(DEXA) uses a 3-compartment model, dividing the body
into fat, bone mineral, and residual lean soft tissue.6 The
DEXA method is a reliable method for determining body
composition,7,8 and the BF values from DEXA agree well
with those determined by hydrodensitometry.7–10 Many au-
thors have found female athletes to have bone densities that
differ from their sedentary peers.11–13 Thus, DEXA may be
a better criterion to use for athletic women because it can
account for the variability in bone density that often exists
in this population.14,15

Population-specific equations to predict BF have advantages
over more general equations, especially for young females.
Previous equations designed for females with no age specifi-
cations are often inaccurate because of changes in fat distri-
bution.16 Lohman17,18 recommended the use of population-
specific models for women, children, athletes, and the elderly,
in whom FFM and body-composition assumptions may be in-
correct.

Despite the widespread use of skinfolds to estimate BF, few
prediction models have been validated specifically for female
athletes.19,20 Our purpose was to develop a skinfold model that
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Table 1. Age and Anthropometric Characteristics of the Subjects
(N 5 101)

Mean SD Range

Age (y)
Height (cm)
Mass (kg)
Body mass index

20.3
166.7
63.1
22.6

1.4
7.8
8.1
2.0

18.2–23.8
146.5–190.0
45.0–81.7
17.8–29.0

Pairwise comparisons of means and differences (n 5 101) for dual-
energy x-ray absorptiometry (DEXA) and skinfold model (SKF) val-
ues for fat-free mass (FFM).

predicts FFM in female collegiate athletes. The model was
validated using DEXA as the criterion measure.

METHODS

Subjects

We invited women varsity and club athletes from a National
Collegiate Athletic Association Division I university to partic-
ipate in the study. Involved teams included crew (n 5 12),
cross-country and track and field (n 5 32), field hockey (n 5
10), gymnastics (n 5 8), ice skating and hockey (n 5 6),
soccer (n 5 9), softball (n 5 13), swimming and diving (n 5
7), and volleyball (n 5 4). Very few invited athletes refused
to participate in the testing. However, no members of the bas-
ketball, golf, or tennis teams were able to participate because
of scheduling conflicts. The athletes were recruited through
the athletic department via coaches and athletic trainers. Sub-
ject characteristics are shown in Table 1. Nearly all subjects
were white. These participants were included in a previous
study examining the reliability and validity of various body-
composition methods.21 The study was approved by the Uni-
versity Committee on Research Involving Human Subjects,
and written informed consent was obtained from each partic-
ipant.

Data-Collection Procedures

Testing was conducted at the Rheumatology Center. Each
subject’s standing mass (kg) and height (cm) were measured
with a calibrated beam balance and stadiometer. Next, abdom-
inal, suprailiac, thigh, and triceps skinfold thicknesses were
measured with a Lange caliper using standard procedures.22

The suprailiac, thigh, and triceps sites were selected because
they are included in the 3-site model for women developed by
Pollock et al.23 The abdominal site was added because it is
convenient and does not require the subject to undress. Fur-
thermore, because the women do not have to undress, mea-
surements can be taken by both male and female body-com-
position evaluators. Sites were measured in rotating order.
Three measures were taken at each site, and the average was
calculated. The 3 measures were within 2 mm of each other.
A single graduate student investigator (J.J.J.) measured all
skinfold thicknesses on each athlete and was unaware of the
DEXA values at the time of measurement. The student was a
certified athletic trainer experienced in skinfold measurements.
We chose this student specifically because she typifies the type
of individual who would likely use our skinfold model in the
field. She obtained her training in skinfold analysis through
her class work and clinical experiences. The student investi-
gator showed excellent reliability in her skinfold measurement
technique, as the intraclass correlation coefficient within each
skinfold was Rxx 5 0.99.

After anthropometrics were obtained, each subject under-
went DEXA analysis. The DEXA instrument used was a Hol-
ogic QDR-1000W (software version 6.10; Bedford, MA), in
which x-rays of 70 and 140 kVp are rapidly and alternately
passed through the body from a source beneath the subject.6

The DEXA machine was calibrated daily to a lumbar spine
phantom for bone density and a tissue bar for soft tissue anal-
ysis of FFM. Each subject was barefoot and wore a long T-
shirt and sports bra for all measures.

Statistical Analysis

Means and standard deviations were calculated for each var-
iable of interest. Height, mass, and the 4 skinfold measures
were entered into a multiple regression model to predict FFM.
Percentage of body fat was also calculated using the following
equation:

% BF 5 [(body weight 2 FFM)/body weight] 3 100

Validity coefficients (R) and standard error of the estimate
(SEE) were calculated. The predicted error sum of squares
statistic was used as a means of internal validation.24 Finally,
we constructed a pairwise comparison plot to determine if
measurement error was affected by absolute FFM measures.25

This was done by plotting the difference between the DEXA
and skinfold FFM values for each subject against the mean
value of the 2 methods. We ran a correlation between these 2
variables to determine whether there was a systematic bias in
the predictive ability of the skinfold model.

RESULTS

Although, height, weight, and all 4 skinfold sites were en-
tered into the multiple regression model, only 3 variables
(mass, abdominal skinfold, thigh skinfold) were significant
predictors of FFM. The individual correlations between FFM
and the predictor variables were 0.94 (weight), 0.35 (abdom-
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Table 2. Fat-Free Mass and Body Fat Percentage Determined by Dual-Energy X-Ray Absorptiometry (DEXA) and the Skinfold Model
(Mean 6 SD)

Team

Fat-Free Mass (kg)

DEXA Skinfold

% Body Fat

DEXA Skinfold

Crew (n 5 12)
Cross-country, track and field (n 5 32)
Field hockey (n 5 10)
Gymnastics (n 5 8)

54.7 6 4.6
48.3 6 4.6
49.9 6 8.6
47.0 6 6.2

54.5 6 4.4
48.0 6 4.6
49.9 6 7.9
47.2 6 6.3

22.0 6 1.6
28.3 6 2.7
20.9 6 4.1
19.7 6 2.8

22.2 6 1.7
18.7 6 2.8
20.8 6 4.4
19.3 6 2.2

Soccer (n 5 9)
Softball (n 5 13)
Other (n 5 17)*
Total (n 5 101)

50.2 6 4.5
51.4 6 6.3
51.1 6 5.4
50.0 6 5.9

50.7 6 4.0
51.8 6 6.3
51.1 6 5.4
50.0 6 5.8

21.7 6 2.8
21.3 6 3.9
21.5 6 2.5
20.3 6 3.1

20.9 6 2.7
20.7 6 2.9
21.4 6 2.6
20.3 6 2.8

*The ‘‘Other’’ category included women who competed in ice skating or hockey, swimming or diving, or volleyball.

inal skinfold), and 0.22 (thigh skinfold). The final regression
model is shown here:

FFM (kg) 5 8.51 1 (0.809 3 wt)

2 (0.178 3 abdominal skinfold)

2 (0.225 3 thigh skinfold)

The validity coefficient for this model was high (R 5 0.98),
and the SEE was low at 1.1 kg of FFM. The increased error
resulting from the predicted error sum of squares statistic was
extremely small and did not decrease our correlation (ie, va-
lidity) coefficient. Specifically, the sum of squares error vari-
ance increased from 117 to 127 (out of a total sum of squares
of 3389).

The pairwise comparison plot shown in the Figure indicates
that prediction error was unaffected by absolute FFM mea-
sures. Fat-free mass and BF averages for each team as deter-
mined by DEXA and the skinfold model are presented in Table
2. Little difference existed among the DEXA and skinfold
FFM values (range, 0–0.5 kg) for teams included in the study.

DISCUSSION

Skinfold measurements are frequently used in the field to
assess body composition; however, few equations have been
designed for female athletes.19,20 Our purpose was to develop
a skinfold model for the female collegiate athlete using DEXA
as a criterion measure. We determined that a model containing
only weight and abdominal and thigh skinfolds is sufficient
for accurate determination of FFM. The model showed a va-
lidity coefficient of R 5 0.98 and an SEE of 1.1 kg. Adding
this 1.1 kg to the mean FFM and calculating the change in
body fat indicates that the SEE is equivalent to a prediction
error of only 1.9% fat. In contrast, a 4-site skinfold equation
(validated against underwater weighing) suggested for use on
female athletes ages 18 to 29 years has an SEE of 3.2% fat.26

Table 2 shows the average FFM and percentage of BF as
determined by DEXA and our skinfold model for each team.
The largest mean difference between methods was 0.4 kg FFM
and 0.4% BF. In all sport groups, predictions of FFM and
percentage of BF by DEXA and the skinfold model were sim-
ilar. In addition to the effectiveness of the model for a wide
range of sport participants, it also worked well on subjects who
varied significantly in both height and weight.

The pairwise comparison plot in the Figure further illus-
trates the model’s accuracy over a range of FFM values. The
uniformity of the plot suggests that a prediction bias on the

basis of FFM does not exist. The correlation between the av-
erage FFM (by DEXA and skinfold model) and the difference
between FFM values was not statistically significant (r 5 0.10;
P . 0.05), indicating that no systematic error existed. Fur-
thermore, the few athletes whose predictions differed by more
than 2 kg were from a variety of sports. Specifically, athletes
whose FFM was underpredicted included a softball player, a
field hockey player, and 2 runners. A gymnast and a softball
player were the only 2 athletes whose FFM was overpredicted
by more than 2 kg. Thus, overprediction or underprediction
bias on the basis of sport appears to be minimal.

An additional benefit of this model is its convenience. With
only 2 sites to measure, the model can be used to determine
FFM and percentage of BF much faster than those containing
up to 7 sites. Furthermore, these 2 sites are less intrusive than
many skinfold sites, such as subscapular, chest, and midaxil-
lary, which require the subject to undress for measurement.

The most notable characteristic of this skinfold model is that
it was validated using DEXA as the criterion measure. This
offers a great advantage over previous models developed using
hydrodensitometry as the criterion because DEXA is a 3-com-
partment model that accounts for variability in bone density.
As a group, female athletes typically have higher bone mineral
density than their nonactive peers.11–13 Investigators have also
shown that the density of FFM for athletes is more than 1.1
g/cm,6 which is the assumed density of FFM used in calcu-
lating total body FFM in hydrodensitometry.27 Thus, a model
that accounts for differences in FFM is advantageous for use
in female athletes.

In conclusion, we found that a body-composition model us-
ing body weight and 2 skinfold sites showed excellent validity
for predicting FFM in collegiate-level female athletes. In ad-
dition, use of only the thigh and abdominal sites should en-
hance its utility in a variety of field and clinical settings.
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